The chemical composition of the essential oil of Pituranthos chloranthus ssp. cossonianus Maire (Apiaceae) was investigated by gas chromatography (GC) and gas chromatography-mass spectrometry (GC-MS) to reveal 54 compounds. The main constituents were myristicine (27.4%), limonene (15.8%), α-pinene (11.4%), and α-phellandrene (8.3%). The antibacterial activity of the oil was evaluated against several strains and was shown to be significant against Pseudomonas aeruginosa.
In local medicine, P. scoparius is used as a remedy against rheumatism and fever [4] . In Morocco, P. chloranthus is traditionally used against headaches [5] . According to inquiries we conducted in the Algerian steppe, the aerial parts of P. chloranthus are not consumed by herds, and, although they may contain toxins, some veterinary uses have been reported for the treatment of cutaneous infections of sheep. A most interesting application in Algerian folk medicine is its use against articular rheumatism, traditionally conducted in the following manner: the plant is spread in a hole dug in the sand and heated by the sun for a time; the patient then lies down in this hole and his body is covered by hot sand, leaving only the head exposed. In such use, the biological effect of the plant is probably due to the volatile constituents being able to reach the patient's skin through the sand. These considerations led us to investigate the volatile components of this species. Several studies have been performed on Pituranthos essential oils, on the species P. tortuosus [6] [7] [8] [9] , P. triradiatus [9, 10] and P. scoparius [4, [11] [12] [13] , but up to now, the volatiles of P. chloranthus were never investigated. The present work reports the chemical composition of the essential oil of Algerian P. chloranthus ssp. cossonianus Maire. Additionally, to get a better knowledge of its biological activity, the essential oil was also tested for its potential to inhibit in vitro the growth of various bacterial strains. A total of 54 compounds were characterized, representing 95.2% of the oil (Table 1) . The main components were myristicine (27.4%), limonene (15.8%), α-pinene (11.4%) and α-phellandrene (8.3%). The composition of the P. chloranthus oils differed qualitatively and quantitatively from P. scoparius oils. The main compounds of P. scoparius twig essential oil were α-pinene (34%) and apiole (15%), while the major constituents in the P. scoparius seed oil were apiole (52%), bornyl acetate (21%), and α-pinene (11%) [4] . Abdelwahed et al. [19] indicated that the essential oil of the aerial parts of Tunisian P. tortuosus collected during November was characterized by myrtenol (26%), sabinene (11%), and limonene as the main components, while the aerial parts collected in April contained terpinen-4-ol (40%) as the major constituent. Al-Gabya and Allam [8] indicated that the volatile oil of P. tortuosus collected in Southern Sinai (Egypt), contained 32 components with camphene (31%) as the major one, and alcohols representing more than 42% of the oil.
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The antibacterial activity of the essential oil of P. chloranthus was evaluated against Gram-positive (E. faecalis, S. aureus, N. asteroides) and Gram-negative (P. aeruginosa, E. coli) bacteria. Antibacterial activity was determined by measuring the zone of growth inhibition of serial dilutions of the oil. The essential oil of P. chloranthus was found to have a significant antimicrobial activity against the two Gram-negative bacteria tested. This activity is more potent against P. aeruginosa. As shown in Table 2 , the essential oil and all the tested dilutions induce an inhibition of the growth of P. aeruginosa. For the undiluted essential oil and its ½ dilution, diameters of inhibition are, respectively, 15 and 20 mm which are closely related to the ampicillin control (30 mm). Nevertheless, a weak activity was observed against the Gram-positive bacteria, though the essential oil was active at two dilutions against S. aureus sub. aureus and E. faecalis compared to control. No significant activity was observed on N. asteroides.
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The presence of monoterpene hydrocarbons enhances the activity of essential oils on Gram-positive bacteria compared to Gram-negative bacteria [19] . Surprisingly, high quantities of limonene (15.8%), α-pinene (11.4%), and α-phellandrene (8.3%) in the essential oil do not lead to better inhibition of the Gram-positive strains tested in comparison with the Gram-negative bacteria. On the other hand, the antibacterial effect on Gram-positive bacteria, notably on P. aeruginosa, confirm the results of Boutaghane et al. [12] which described a remarkable inhibitory activity of the seeds of Pituranthos scoparius on the growth of P. aeruginosa. This activity could be attributed to the major compound myristicin (27.4%). Indeed, the myristicin showed an antibacterial activity as good as the control used (salicylic acid) on the growth of P. aeruginosa [20] .
In conclusion, the essential oil of Pituranthos chloranthus demonstrated good activity against Gram-negative bacteria and very potent activity against P. aeruginosa. Further studies examining other clinically isolated strains will be interesting to evaluate the therapeutic potential of this essential oil.
Experimental
Plant Material: The aerial parts (twigs) of P. chloranthus were harvested in Berrayane (southern Algeria, 300 m altitude) at the flowering stage in April 2005. A voucher specimen was deposited in the herbarium of the Muséum d'Histoire Naturelle de la Ville de Nice (voucher number B-8988). The plant was air-dried at room temperature and stored until analysis in paper bags in the dark.
Essential oil isolation:
The essential oil was isolated by hydrodistillation using a Clevenger type apparatus for 4h and was dried over anhydrous sodium sulphate and stored in hermetically sealed colored vials at 4°C before analysis.
Analytical Methods: GC and GC/MS analyses on HP1 column were carried out using an Agilent 6890N gas chromatograph apparatus equipped with a flame ionization detector (FID) and coupled to a quadrupole Agilent 5973 Network mass selective detector in electron impact (EI) mode at 70 eV. The gas chromatograph was equipped with two fused silica capillary columns HP-1 (PDMS, 50 m × 0.2 mm i.d., film thickness = 0.33 μm). The analytical parameters (identical for GC and GC/MS) were the following: The carrier gas was helium at a flow rate of 1 ml/min (head pressure for both columns = 25 psi); oven temperature programmed from 60 to 250°C at 2°C/min and held isothermal for 40 min. GC-MS analyses on HP-20M column were performed with a Hewlett-Packard 5890 chromatograph coupled with a 5970A mass spectrometer of the same company (EI mode at 70 eV), using the following conditions: fused-silica capillary column, Agilent HP-20M (50 m × 0.2 mm i.d., film thickness 0.1 μm); oven temperature : from 60 to 220°C at 2°C/min, then held isothermal for 30 min; carrier gas : helium (0.8 mL/min).
The constituents of the essential oil were identified by comparison of their mass spectra and retention indices (RI) with those of pure compounds registered in commercial libraries and literature data [14] [15] [16] [17] , or in a laboratory-made database based on authentic compounds. 
Bacterial strains and cultures conditions:

Disc diffusion assay:
The antibacterial activity of the essential oil was evaluated using the standardized filter paper disk (6 mm non impregnated disk. Antibiotica assay discs, Grade 2668 Schleicher and Schuell) diffusion method according to the Kirby-Bauer method [18] . Briefly, culture suspensions of the tested microorganisms (approximately 10 6 CFU/mL) were spread on the solid media plates (50 mL). Filter paper discs were impregnated with 10 µL of serial dilutions in dimethylsulfoxide (DMSO, Sigma) of the essential oil and placed onto the solid media plates. The diameter of inhibition was measured after 24 or 48 hrs of incubation at 30°C or 37°C. Ampicillin/ Rifampicin (Sigma) and DMSO were used as positive and negative controls, respectively.
